SUMMARY Liver ischaemia was induced by cross clamping the hilar pedicle for 30 minutes in groups of rats with or without treatment with the iron chelating agent desferrioxamine (deferoxamine, DFR). The groups included eight animals each and were divided into the following treatment categories: control; ischaemia alone; ischaemia with subsequent reperfusion; ischaemia preceded by DFR, 60 mg/kg body weight; and reperfusion preceded by 20, 40, or 60 mg/kg DFR. The drug was given intravenously five minutes before either ischaemia or reperfusion. Malondialdehyde (MDA), a product of lipid peroxidation, and histopathological changes of liver tissue samples were used as indicators of hepatocellular injury. Lipid peroxidation (MDA concentration in [imolkg liver tissue) was highest (4.76 (1P19)) after ischaemia without reperfusion and less pronounced (2-87 (0.34)) after reperfusion. Both concentrations, however, were significantly (p<005) higher than basal (control) values (1P78 (0.27)). At 60 mg/kg body weight, DFR treatment reduced MDA to basal or even lower concentrations in both situations (1.98 (0.08) and 1.26 (0.06), respectively) with a corresponding improvement in liver histopathology. Lower DFR doses were less protective. The data suggest that liver ischaemia is associated with free radical initiated, and apparently iron catalysed lipid peroxidation, which can be significantly decreased by iron chelation.
The harmful effects of complete interruption of blood flow to an organ has long been a topic of intense interest. Complete interruption of blood flow to the liver is often necessary during surgical intervention for trauma or when extensive resection of a tumour is performed.' With the recent development of liver transplantation, the effects of temporary ischaemia on restoration of liver function are of even greater importance. Under these conditions, the harmful consequences of liver ischaemia and subsequent reflow on liver function are often related to injury at the cellular and subcellular level (membrane integrity, mitochondrial function, protein synthesis, DNA, etc). -4 Damage to cell and organelle membranes is probably the critical lesion that precedes irreversible cell injury.' This has been largely attributed to peroxida-tion of membrane lipids which can be initiated by oxygen free radical species such as the superoxide anion (O`) and some of its active derivatives."' Superoxide is generated during normal respiratory metabolism but is rapidly metabolised by the enzyme superoxide dismutase, which converts it to hydrogen peroxide (H202) that is in turn metabolised to water by catalase and glutathione peroxidase." Some low molecular weight substances, such as vitamin E and ascorbic acid, can also serve as free radical scavengers. Free radicals beyond the 
Results
The results of MDA determinations are presented in Table 1 . Liver ischaemia (group II) was associated with a significant increase in MDA concentration over baseline (group I). Ischaemia followed by reperfusion (group III) was also associated with an MDA level that is still significantly higher than in group I but much lower than in group II. Treatment with DFR (60 mg/kg), five minutes before the induction of ischaemia resulted in a significant reduction of MDA level (group IV). When ischaemia was followed by DFR treatment and reperfusion (group V), MDA concentrations returned to near Histological scores for the eight animals from which histological sections were studied in each group or subgroup are presented in Table 2 .
Discussion
Our data show that liver ischaemia was associated with an increase in the concentration of MDA, a byproduct of lipid peroxidation. This indicates that free radical mediated peroxidation of membrane lipids might have been a key pathogenetic mechanism in the chain of events that eventually lead to hepatocellular necrosis which we observed histologically in surviving animals. Liver reperfusion was expected to promote an even higher degree of lipid peroxidation as a result of the sudden increase in oxygen uptake and free radical generation by liver cells. While this might, indeed, have transiently been the case, our data show that the 'net' lipid peroxidation product (MDA) after reperfusion, although high, was actually lower than that seen after ischaemia alone. The explanation for this seemingly unexpected result probably lies in two phenomena that might have been previously overlooked. First, the absence of blood flow during ischaemia leaves many of the freshly generated free radical species in place, thus allowing them to react with other molecules and enter in free radical producing chain reactions. Second, by halting the blood flow, liver tissue is deprived from numerous antioxidants or free radical scavengers that are ordinarily brought in by the circulating blood. These two phenomena are reversed upon reperfusion with a net result, apparently, favouring a modest reduction in the cumulative amount of local free radicals. In both situations (ischaemia alone and ischaemia with subsequent reperfusion), however, it appears that iron is a key catalyst so that its neutralisation was associated with a significant reduction in lipid peroxidation. This Among several known metal chelators, DFR has proved most effective in inhibiting iron mediated free radical production. It is a specific chelator of Fe"4 and can be injected into humans and experimental animals where it easily penetrates the blood brain and cell membrane barriers."-"3 Iron bound in the DFR complex is chemically inert and iron dependent lipid peroxidation cannot occur in the presence of stoichiometrically adequate amounts of DFR. 4 Deferoxamine and other drugs, such as the xanthine oxidase inhibitor allopurinol, 6 which can prevent the formation of free radical species or their propagation, in the first place, may prove far more beneficial than free radical scavengers which act upon already formed free radicals.
With the continuing necessity of intraoperative liver ischaemia for various surgical manipulations, experimental models similar to the one herein described have obvious practical implications, although more in depth studies are still needed. 
